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ABSTRACT 
Objectives: Posttraumatic stress disorder (PTSD) prospectively increases the risk of 
incident cardiovascular disease (CVD) independent of other risk factors in otherwise healthy 
individuals. Between 10-20% of patients develop PTSD related to the traumatic experience of 
MI. We investigated the hypothesis that PTSD symptoms caused by myocardial infarction 
(MI) predict adverse cardiovascular outcome. 
Methods: We studied 297 patients (61±10 years, 83% men) who self-rated PTSD 
symptoms attributable to a previous index MI. Non-fatal CVD-related hospital readmissions 
(i.e., recurrent MI, elective and non-elective intracoronary stenting, bypass surgery, 
pacemaker implantation, cardiac arrhythmia, cerebrovascular event) were assessed at follow-
up. Cox proportional hazard models controlled for demographic factors, coronary heart 
disease severity, major CVD risk factors, cardiac medication, and mental health treatment. 
Results: Forty-three patients (14.5%) experienced an adverse event during a mean 
follow-up of 2.8 years (range 1.3-3.8). A 10 point higher level in the PTSD symptom score 
(mean 8.8±9.0, range 0-47) revealed a hazard ratio (HR) of 1.42 (95% CI 1.07-1.88) for a 
CVD-related hospital readmission in the fully adjusted model. A similarly increased risk (HR 
1.45, 95% CI 1.07-1.97) emerged for patients with a major or unscheduled CVD-related 
readmission (i.e., when excluding patients with elective stenting). 
Conclusions: Elevated levels of PTSD symptoms caused by MI may adversely 
impact non-fatal cardiovascular outcome in post-MI patients independent of other important 
prognostic factors. The possible importance of PTSD symptoms as a novel prognostic 
psychosocial risk factor in post-MI patients warrants further study. 
 
Keywords: Cardiovascular disease; myocardial infarction; posttraumatic stress disorder; 
prospective study; psychological stress; risk factor 
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INTRODUCTION 
Between 10 and 20% of patients develop posttraumatic stress disorder (PTSD) in the 
aftermath of acute myocardial infarction (MI) [1-4]. To meet the diagnostic criteria for PTSD 
according to the fourth edition of the Diagnostic and Statistical Manual of Mental Disorders 
(DSM-IV) [5], patients must have perceived their MI as an event involving threatened death 
to which they responded with intense fear, helplessness, or horror (criterion A). Three 
characteristic PTSD symptom clusters (criteria B, C and D) must be present, referring to a) 
re-experiencing of MI, e.g., in thoughts and dreams, b) avoidance of MI-related stimuli, e.g., 
intake of cardiac medication, and c) hyperarousal, e.g., irritability and perturbed sleep [1]. 
These clusters of symptoms must continue for at least one month during which they inflicted 
clinically significant distress or impairment in daily functioning.  
Large scale epidemiologic studies found PTSD caused by different types of trauma 
increases the risk of incident cardiovascular disease (CVD), even when controlling for 
sociodemographic factors, major CVD risk factors, and depression [6-8]. In contrast, little is 
known about the prognostic value of PTSD caused by MI in terms of cardiovascular 
outcome. One previous study investigated 65 post-MI patients of which 13 qualified for 
PTSD attributable to MI defined by above-threshold PTSD symptoms (i.e., PTSD caseness) 
on the Impact of Event Scale [9]. In that study, case definition of PTSD predicted hospital 
readmissions owing to CVD events, including recurrent MI and unstable angina, at one-year 
follow-up. Therefore, we performed a prospective study on cardiovascular outcome (i.e., 
hospital readmissions because of CVD-related events and procedures) in a sizeable sample of 
patients with a previous index MI who self-rated MI-specific PTSD symptoms at study entry. 
We hypothesized that elevated levels of PTSD symptoms caused by MI would increase the 
risk of a non-fatal CVD-related hospital readmission independent of demographic and 
medical covariates that may also adversely impact the prognosis of CHD. 
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MATERIALS AND METHODS 
Study Participants 
The study protocol was approved by the ethics committee of the Canton of Bern, 
Switzerland. All participants provided written informed consent. The recruitment procedure 
of post-MI patients has previously been detailed [4]. In brief, we approached consecutive 
patients referred to the Department of Cardiology, Inselspital, Bern University Hospital, 
Switzerland, with a verified index ST- and non-ST-elevation MI. All patients underwent a 
coronary angiography and percutaneous transluminal coronary angioplasty of the culprit 
lesion. When indicated, percutaneous intervention or bypass surgery was performed in a 
second step to full revascularization. Further eligibility criteria were living within a 90-min 
ride from the University Hospital and to speak German sufficiently. Within one year of their 
index MI, the 383 patients who participated in the present study were sent home the 
Posttraumatic Diagnostic Scale (PDS; cf. below) to self-rate the level of PTSD symptoms 
(i.e., posttraumatic stress) caused by the index MI. We decided to assess posttraumatic stress 
over a variable time course as the DSM-IV distinguishes between several sub-types of PTSD 
according to a time criterion. Specifically, acute PTSD refers to symptoms which last 
between one month and less than 3 months, chronic PTSD refers to symptoms lasting 3 
months or longer, and delayed-onset PTSD refers to symptoms that begin after an interval of 
at least 6 months after the trauma [5]. Although repeated assessments of posttraumatic stress 
would be needed to assure PTSD subtypes, we judged that patient enrolment over one year 
post-MI might yield a sample in which all subtypes of PTSD symptoms are represented. 
For the follow-up, all initially assessed 383 patients were contacted again by mail and 
asked for their willingness to participate in an investigation that assessed cardiovascular 
outcome since completion of the PDS. Those who did not respond to the first invitation letter 
were sent the letter again. Fifty-three (13.8%) of the originally 383 patients were lost to 
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follow-up, 47 for different reasons (e.g., not responding to the invitation letter, letter returned 
to sender because of unknown address, no interest) and 6 had deceased during follow-up. We 
excluded the deceased patients because this group was too small for a meaningful analysis. 
An additional 33 patients (8.6%) were excluded because we did not have complete data 
available in terms of CVD risk factors and cardiac medication1. This procedure left a final 
sample of 297 patients with a complete data set for the prospective study presented here. The 
86 patients who were either lost to follow-up or had missing data did not significantly differ 
from these 297 patients in terms of sex, age, PDS score, time sending out PDS after index 
MI, recurrent MI, and number of diseased coronary vessels (all p-values >0.38). 
 
Assessment of Patient Characteristics 
We abstracted sex, age, type of index MI (first-time vs. recurrent MI), the number of 
diseased coronary vessels, CVD risk factors and cardiac medication from hospital charts 
which refer to the time of the index MI. Hypertension was defined by a positive history for 
treatment or systolic and/or diastolic blood pressure ≥140/90 mmHg at rest. Diabetes was 
defined by a positive history that, if unclear, was verified by one-time glucose level >200 
mg/dL. The status of current smoking (yes/no) was also obtained from the charts. The use 
(yes/no) of aspirin, statins, beta blockers, and ACE inhibitors was also noted.  
 
Assessment of Posttraumatic Stress Symptoms 
We used the validated German version of the Posttraumatic Diagnostic Scale (PDS) 
which is a self-report measure comprising 17 questions mapping onto DSM-IV symptoms for 
PTSD [11,12]. There was good internal consistency in our sample of post-MI patients for the 
                                                 
1 When these missing values were imputed according to the procedures described by Schafer [10], posttraumatic 
stress was also significantly predictive of CVD-related hospital readmissions controlling for covariates (50 
adverse events occurred during follow-up in the 330 patients of whom 33 had some imputed data points).  
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total PDS score (Cronbach’s α =.91) and the 3 PTSD symptom cluster scores (criteria B, C, 
and D) of re-experiencing (α=.88), avoidance/numbing (α=.80), and hyperarousal (α=.76). In 
the questionnaire we replaced the term “event” with the term “heart attack” [2]. Patients rated 
on a 4-point scale how often they had experienced each symptom during the past month 
(0=not at all, 3=often) yielding a PTSD symptom severity score between 0-51 (re-
experiencing: 0-15, avoidance: 0-21, hyperarousal: 0-15). Missing items were replaced with 
the mean of completed items of the respective symptom cluster. Table 1 summarizes the 17 
items of the PDS according to symptom clusters B-D of PTSD [11]. The PDS performs well 
as a screening tool to identify clinical cases of PTSD [13]. A total PDS score ≥18 recently 
yielded the best balance between sensitivity and specificity for screening for PTSD (i.e., 
PTSD caseness) across different samples of trauma survivors (area under the ROC curve 
0.90-0.96) [14].  
The PDS does not assess the DSM-IV criterion A2 for PTSD, i.e. to what extent the 
patients responded to the A1 event (i.e., the MI) with “intense fear, helplessness, or horror”. 
Therefore, at the time when they completed the PDS, we asked the patients to retrospectively 
rate on a numeric scale “fear of dying” and “feelings of helplessness” they had perceived 
during MI. Specific items were (0 = absolutely not true, 10 = absolutely true) [2]: “During 
my referral to the hospital, the emergency unit, or the intensive care unit, I was afraid I was 
dying.” and “When the doctor told me I had a heart attack, I was frightened, felt helpless, and 
was afraid of losing control over the situation.” 
 
Assessment at Follow-up 
The follow-up period referred to the time interval between sending out the PDS to 
assess PTSD symptoms in relation to the index MI and a semi-structured telephone interview 
by using a standard protocol. During the interview patients were asked whether they had been 
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hospitalized because of a new CVD event or CVD-related intervention. We assessed the 
following specific diagnostic categories and interventions by using a checklist (yes/no 
answers): recurrent MI, elective and non-elective intracoronary stenting, coronary artery 
bypass surgery, pacemaker implantation, cardiac arrhythmia, cardiac arrest, cerebrovascular 
insult, transient ischemic attack, hypertensive crisis, and chronic heart failure. If patients’ 
self-report about the cardiovascular cause for hospitalization was non-specific, their primary 
care physicians were contacted by telephone to verify the type of CVD-related event or 
intervention (all contacted physicians could be reached). We did not consider “angina 
pectoris” as a diagnostic category because chest pain has many cardiac and non-cardiac 
causes, one being psychological distress that is particularly high in traumatized subjects. 
However, recurrence of chest pain previously predicted posttraumatic stress in patients 12 
months after hospital admission for an acute coronary syndrome [15]. We thus asked about 
chest pain which had occurred since index MI having prompted patients to see a doctor but 
remained unexplained. We further asked patients whether they had received mental health 
treatment in the form of antidepressant medication and/or psychotherapy since the index MI. 
 
Statistical Analysis 
Data were analyzed using SPSS 15.0 statistical software package (SPSS Inc. Chicago, 
IL) with a significance level of p<0.05 (two-tailed). For calculations of differences between 
groups, Student’s t test, Pearson chi-square test, and Fisher’s exact test were used where 
appropriate. We ran Cox proportional hazard models to estimate the predictive value of 
posttraumatic stress severity (assessed by the PDS at study entry) for the relative risk of a 
hospital readmission during follow-up because of a CVD event or CVD-related intervention 
(combined endpoint). For this analysis we used the total PDS score as a continuous variable 
(i.e., the PDS cut-off ≥18 was only used to compute the prevalence of PTSD caseness and to 
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compare characteristics between patients with high versus low PDS scores). Total PDS scores 
showed a skewed distribution towards small values. Although not normally distributed 
predictor variables have generally no impact on regression-type models [16], we reran all 
models with normally distributed square root transformed total PDS scores; this procedure 
did not change the significance of posttraumatic stress as a predictor of CVD-related outcome 
(data not shown). Because a one point higher level on PDS scores predicts a change in the 
relative risk2 that, even when being statistically significant, is unlikely of clinical relevance, 
we expressed the change in the hazard ratio (HR) with 95% confidence interval (CI) for a 10 
point higher level on the total PDS score and for a 3 point higher level on the individual 
PTSD symptom scores. For this purpose total PDS scores and individual PTSD symptom 
scores were divided by 10 and 3, respectively, prior to entering them into the models.   
Control variables that might potentially affect CHD outcome were defined a priori, 
whereby sex and age (demographic factors) were treated as control variables in all models. 
To prevent over-fitted models given the number of endpoint events [16], we first identified 
potentially relevant predictors of outcome. Together with sex and age, these were grouped 
into five separate blocks of covariates: 1) CHD severity: type of the index MI (first-time vs. 
recurrent MI), number (1, 2, or 3) of diseased coronary vessels); 2) major CVD risk factors: 
hypertension, diabetes, current smoking (all coded as yes/no); 3) cardiac medication 
prescribed at hospital discharge: aspirin, statins, beta blockers, ACE inhibitors (all coded as 
yes/no); 4) unexplained chest pain since index MI (coded as yes/no); and 5) mental health 
treatment since index MI: antidepressant medication, psychotherapy (both coded as yes/no). 
Control variables emerging as outcome predictors (p<0.10) from these five blocks were 
entered into the final model together with sex, age, and posttraumatic stress (one block).   
 
                                                 
2 The term “relative risk” refers to the hazard ratio throughout the manuscript. 
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RESULTS 
Patient Characteristics 
The mean±SD time since index MI the PDS was sent was 76±59 days (range 12-365); 
to 278 patients (93.6%) the PDS was sent between 1 and 6 months post-MI. Across all 297 
post-MI patients, total PDS score was 8.8±9.0 (range 0-47), fear of dying score was 2.8±3.2 
(range 0-10), and helplessness score was 3.0±3.2 (range 0-10). Total PTSD symptoms 
correlated with fear of dying (r=0.57, p<0.001) and helplessness (r=0.65, p<0.001) 
suggesting that, in agreement with the DSM-IV criterion A of PTSD, patients with greater 
posttraumatic stress responded to the MI with more intense fear, helplessness, or horror [5]. 
Most frequently reported PTSD-specific symptoms of re-experiencing MI-related events 
(range 0-3) were intrusive images about MI (0.82±0.88) and emotional upset when reminded 
of MI (0.75±0.87); reliving of MI (0.44±0.71), physical reactions when reminded of MI 
(0.41±0.76), and nightmares about MI (0.29±0.66) were comparably less often named.  
Forty-five patients (15.2%) met case definition criteria for PTSD according to a PDS 
score ≥18 [13]. Table 2 shows the characteristics of patients according to high (PDS score 
≥18) versus low (PDS score <18) levels of PTSD symptoms. Compared to patients with low 
levels of PTSD symptoms, those with high levels reported greater fear of dying and 
helplessness, were more often female and younger, but had less severe CHD with regard to 
the number of diseased coronary vessels. Other major CVD risk factors and prescription of 
cardiac medications did not differ between groups. During follow-up, patients fulfilling 
PTSD criteria were more likely to have received mental health treatment than patients not 
fulfilling PTSD criteria. 
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Adverse Cardiovascular Events During Follow-up 
The mean duration of follow-up was 2.8 years (range 1.3-3.8) during which a CVD-
related hospital readmission occurred in 43 (14.5%) of the 297 post-MI patients who were 
available for follow-up. The 43 CVD-related events or interventions were 10 (3.4%) recurrent 
MIs, 13 (4.4%) non-elective stents, 11 (3.7%) elective stents, 4 (1.3%) coronary artery bypass 
surgeries, 1 (0.3%) pacemaker implantation, 1 (0.3%) cardiac arrhythmia, and 3 (1.0%) 
cerebrovascular events. There were no hospital readmissions because of cardiac arrest, 
hypertensive crisis, or chronic heart failure. 
 
PTSD Symptoms and CVD-related Hospital Readmissions 
Table 3 shows that for a 10 point higher level in the PDS score, there was a 45% to 
51% higher relative risk of a CVD-related hospital readmission with adjustments for the five 
blocks of covariates. From these blocks of covariates, hypertension status (HR 2.51, 95% CI 
1.19-5.31) emerged as the only independent predictor of the outcome. The final model 
showed a 42% higher relative risk of a CVD-related hospital readmission with a 10 point 
higher level in posttraumatic stress controlled for sex, age, and hypertension. Figure 1 
illustrates survival curves across quartiles of continuous PTSD scores. In terms of individual 
PTSD symptom scores, there emerged a 29% higher relative risk of a CVD-related hospital 
readmission for a 3 point higher level in re-experiencing symptoms, controlling for sex, age, 
and hypertension (HR 1.29, 95% CI 1.01-1.65). Similar risks were revealed for a 3-point 
higher level in symptoms of avoidance (HR 1.27, 95% CI 1.04-1.55) and of hyperarousal 
(HR 1.33, 95% CI 1.03-1.71). 
Table 3 shows a complementary analysis for which we only considered major and 
unscheduled CVD-related hospital readmissions. In other words, we excluded the 11 patients 
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who underwent elective stenting during follow-up. Hypertension status was the only 
independent predictor of outcome (HR 3.77, 95% CI 1.43-9.97). In the fully adjusted model, 
the relative risk for an adverse event was 45% for a 10 point higher level in the PDS score. 
The relative risk of an adverse event was 39%, 27%, and 33%, respectively, for a 3 point 
higher level in symptom scores of reexperiencing (HR 1.39, 95% CI 1.07-1.80), avoidance 
(HR 1.27, 95% CI 1.02-1.58), and hyperarousal (HR 1.33, 95% CI 1.00-1.76). 
 
Sensitivity Analyses 
To test for the robustness of the above findings we performed five sensitivity 
analyses. We restrict the presentation of the results to the fully adjusted models, which 
controlled for sex, age, and hypertension status. All HRs refer to the increase in the relative 
risk of a CVD-related hospital readmission for a 10-point higher level in the total PDS score 
for the respective subsample. 
First analysis: We controlled for the time between index MI and sending out the PDS 
to account for the possibility that longer duration of PTSD symptoms affects CVD outcome: 
HR 1.44, 95% CI 1.08-1.91 (n=297; 45 with high PTSD symptom levels; 43 events). 
Second analysis: We excluded 21 patients (7.1%) who were sent the PDS earlier than 
30 days (i.e., between 12 and 29 days) after the index MI to consider only those participants 
who clearly fulfilled the time criterion for PTSD (i.e., symptom duration of at least one 
month): HR 1.45, 95% CI 1.08-1.94 (n=276, 45 with high PTSD symptom levels; 39 events). 
Third analysis: We excluded 19 patients (6.4%) who were sent the PDS more than 
half a year after their index MI (i.e., between 182 and 365 days) to account for the skewed 
distribution of this time interval: HR 1.46, 95% CI 1.08-1.98 (n=278, 41 with high PTSD 
symptom levels; 40 events). 
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Fourth analysis: We excluded 3 patients (1.0%) who indicated a CVD-related 
hospital readmission in the same month in which they also completed the PDS to account for 
the possibility that the event unduly affected the PDS score: HR 1.45, 95% CI 1.08-1.94 
(n=294, 45 with high PTSD symptom levels; 40 events). 
Fifth analysis: We excluded the 33 patients with antidepressant medication to test 
whether the association of posttraumatic stress with CVD-related hospital readmissions was 
independent of this surrogate of depressive symptoms: HR of 1.41, 95% CI 1.02-1.95 
(n=264; 33 with high PTSD symptom levels; 37 events). 
 
DISCUSSION 
We found that elevated levels of PTSD symptoms caused by MI predicted the risk of 
future hospital readmissions due to a combined endpoint of non-fatal CVD events and CVD-
related interventions over a mean follow-up period of almost three years. This relationship 
was independent of several other potential predictors of adverse outcome. Results from five 
sensitivity analyses suggested the predictive value of posttraumatic stress for future non-fatal 
CVD-related hospital readmissions is robust. We further found that PTSD symptoms 
predicted poor cardiovascular outcome even when elective intracoronary stenting was not 
considered as an outcome. This may suggest that including elective stenting in our combined 
outcome did not dilute the “true” time interval after which hospital readmission became 
inevitable due to the progression of CHD. 
Our findings suggest that the risk of adverse CVD-related outcome of post-MI 
patients lies along a continuum of PTSD symptom severity. Specifically, in the final 
multivariate-adjusted primary analysis, a 10 point higher level in the PDS score showed an 
increase of 42% in the relative risk for a CVD-related event. Moreover, 15.2% of MI 
survivors met a PDS cut-off score ≥18 which previously performed well as a screening tool 
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for PTSD caseness in individuals with non-MI related traumas [14]. This prevalence of PTSD 
caseness largely concurs with that found in other samples of post-MI patients investigated in 
the first year after MI [1], but it is several times higher than the 12-month prevalence of 
PTSD in a representative Swiss population sample [17].  
Because PTSD caused by MI is frequent and clinically important, clinicians may want 
to routinely assess PTSD symptomatology in their post-MI patients, even though it is 
currently unknown which treatment should be delivered and whether it may alleviate 
cardiovascular morbidity. We found that patients meeting PTSD caseness criteria were 
younger and seemed to have less severe CHD than non-PTSD cases. Hence it might be that 
the relatively younger post-MI patients with PTSD, but not necessarily those with more 
severe CHD, particularly benefit from PTSD treatment. One small study showed a decrease 
in MI-caused PTSD symptoms and CVD risk factor status after trauma-focused cognitive 
behavior therapy (CBT) plus education compared to education alone [18]. This finding is in 
line with the established knowledge that the most effective psychotherapies for PTSD are 
those focusing on the psychological trauma [19]. Importantly, trauma-focused CBT seems 
safe in patients with PTSD resulting from cardiovascular illness (incl. MI) since 
hemodynamic activity does not evidently increase during imaginal exposure therapy [20]. In 
addition, selective serotonin reuptake inhibitors (SSRIs) in sufficiently high doses are first-
line drugs to treat PTSD [21] and SSRIs (but not tricyclic antidepressants, TCAs) are also 
safely administered to patients with CHD [22]. Interestingly enough, adjustments for 
psychotherapy and antidepressant medication did not reduce the risk of adverse outcome in 
relation to PTSD symptoms in our patients. It might be that traumatic experience of MI was 
not specifically addressed in those psychotherapies and that the dosage of antidepressants was 
too low to alleviate posttraumatic stress. However, it should also be noted that we did not 
have information about the type of prescribed antidepressants. Therefore, we cannot exclude 
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the possibility that favourable effects of SSRIs on cardiovascular outcomes were outweighed 
by unfavourable effects of TCAs such that the overall effect of antidepressants was null. 
Atherosclerotic mechanisms underlie the vast majority of CVD events and CVD-
related procedures that were considered as outcomes in our study. Although not investigated 
here, several pathophysiologic mechanisms might explain the atherosclerotic CVD risk 
associated with PTSD symptoms. These may particularly include low-grade systemic 
inflammation [1]. Neuroendocrine and autonomic alterations in PTSD are thought to mediate 
a dysfunctional peripheral stress response involving a range of immunological changes with 
the associated wear and tear to the body giving rise to the clinical manifestation of CVD and 
atherothrombotic events [23,24]. There is particular evidence for altered hypothalamic-
pituitary adrenal axis function involving peripheral hypocortisolemia and a hyperadrenergic 
state in PTSD [25,26]. Plasma levels of cortisol were lower and those of the proinflammatory 
cytokine interleukin-6 were higher in patients with PTSD caused by MI than in post-MI 
patients with no PTSD [27,28]. Another study found a positive correlation between plasma 
norepinephrine and interleukin-6 levels in PTSD related to combat exposure [29]. Patients 
with PTSD may also have decreased vagal activity [30]. Vagal withdrawal might give rise to 
enhanced production of proinflammatory cytokines by tissue macrophages [31], thereby 
potentially kindling inflammation in coronary arteries [32]. 
We mention several limitations of our study. The link between PTSD and poor 
prognosis of CHD might also be mediated by low adherence to cardiac therapy [33] and 
adverse life style such as smoking, excessive alcohol consumption, low physical activity, and 
dietary habits promoting dyslipidemia and overweight [1]. We controlled for current smoking 
and statin use as a proxy measure of hyperlipidemia, but we had no information available 
about adherence, physical activity, diet, and body mass index to control for obesity. However, 
obesity has also been shown to be associated with reduced mortality after ST-elevation MI 
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[34] in which case the controlling for obesity should have theoretically strengthened the 
predictive value of posttraumatic stress for CVD-related hospital readmissions. It would have 
further strengthened our study if we had also taken into account as covariates important 
prognostic factors like cholesterol levels, prevalence of pre-infarction angina, Killip class, left 
ventricular function, and peak levels for cardiac enzymes. The window for sending the 
questionnaire was one year such that we cannot fully rule out that some cases of PSTD that 
resolved before the assessment was made. It is also possible that more severe and prolonged 
chest pain before MI and between MI and PTSD assessment had contributed to the level of 
posttraumatic stress [15]. However, we adjusted for CHD severity, unexplained chest pain 
since index MI, and the time interval between index MI and PTSD assessment; moreover, the 
prevalence of PTSD did previously not decrease with longer time elapsed within the first year 
since MI [1]. We did not assess other psychosocial risk indicators for post-MI prognosis such 
as low social support [35] and depression [36] both of which are also associated with PTSD in 
cardiac patients [15,37]. However, PTSD symptoms previously predicted incident CVD 
independent of depression [6-8] and some authors argue that separating out depression as a 
distinct disorder when it occurs with PTSD more than one year after trauma is an arbitrary 
distinction [38]. Moreover, we found that PTSD specific symptoms of reexperiencing MI-
related cues were individually predictive of poor CVD-related outcome. Antidepressant 
medication (i.e., a surrogate of clinical depression) was not a significant predictor of outcome 
and dropping patients with antidepressant medications also maintained the predictive value of 
posttraumatic stress. Although avoidance and hyperarousal symptoms, which are less specific 
to PTSD, were also individually predictive of adverse outcome, our findings suggest that 
components unique to PTSD added to poor post-MI prognosis above and beyond aspects 
related to depression. 
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We conclude that elevated levels of PTSD symptoms caused by MI may increase the 
risk of future cardiovascular readmissions in post-MI patients suggesting that PTSD caused 
by MI is an important clinical entity. Randomized controlled trials seem warranted to 
investigate which interventions effectively reduce PTSD symptoms caused by MI and 
whether such interventions ultimately improve cardiovascular outcome in post-MI patients. 
 
REFERENCES 
[1]  Gander ML, von Känel R. Myocardial infarction and post-traumatic stress disorder:
 frequency, outcome, and atherosclerotic mechanisms. Eur J Cardiovasc Prev Rehabil
 2006;13:165-72. 
[2]  Wiedemar L, Schmid JP, Müller J, Wittmann L, Schnyder U, Saner H, von Känel R.
 Prevalence and predictors of posttraumatic stress disorder in patients with acute
 myocardial infarction. Heart Lung 2008;37:113-21. 
[3]   Rocha LP, Peterson JC, Meyers B, Boutin-Foster C, Charlson ME, Jayasinghe N, Bruce
 ML. Incidence of posttraumatic stress disorder (PTSD) after myocardial infarction (MI)
 and predictors of ptsd symptoms post-MI – a brief report. Int J Psychiatry Med
 2008;38:297-306. 
[4]   Guler E, Schmid JP, Wiedemar L, Saner H, Schnyder U, von Känel R. Clinical diagnosis
 of posttraumatic stress disorder after myocardial infarction. Clin Cardiol 2009;32:125-9.  
[5]  American Psychiatric Association. Diagnostic and Statistical Manual of Mental
 Disorders. 4th ed. Washington DC, APA, 1994. 
[6]  Boscarino JA. A prospective study of PTSD and early-age heart disease mortality among
 Vietnam veterans: implications for surveillance and prevention. Psychosom Med
 2008;70:668-76. 
 16 
[7]  Kubzansky LD, Koenen KC, Spiro A 3rd, Vokonas PS, Sparrow D. Prospective study of
 posttraumatic stress disorder symptoms and coronary heart disease in the Normative
 Aging Study. Arch Gen Psychiatry 2007;64:109-16. 
[8]  Kubzansky LD, Koenen KC, Jones C, Eaton WW. A prospective study of posttraumatic
 stress disorder symptoms and coronary heart disease in women. Health Psychol
 2009;28:125-30. 
[9]  Shemesh E, Yehuda R, Milo O, Dinur I, Rudnick A, Vered Z, Cotter G. Posttraumatic
 stress, nonadherence, and adverse outcome in survivors of a myocardial infarction.
 Psychosom Med 2004;66:521-6.  
[10] Schafer JL. Analysis of incomplete multivariate data. Chapman & Hall: London, 1997. 
[11] Foa EB, Cashman L, Jaycox L, Perry K. Validation of a self-report measure of
 posttraumatic stress disorder: the Posttraumatic Diagnostic Scale. Psychol Assess
 1997;9:445-51. 
[12] Ehlers A, Steil R, Winter H, Foa EB. German translation of the posttraumatic diagnostic
 scale by Foa (1995). Department of Psychiatry, Warneford Hospital, Oxford, England,
 1996. 
[13] Sheeran T, Zimmerman M. Screening for posttraumatic stress disorder in a general
 psychiatric outpatient setting. J Consult Clin Psychol 2002;70:961-6. 
[14] Ehring T, Kleim B, Clark DM, Foa EB, Ehlers A. Screening for posttraumatic stress
 disorder: what combination of symptoms predicts best? J Nerv Ment Dis 2007;195:1004
 12. 
[15] Wikman A, Bhattacharyya M, Perkins-Porras L, Steptoe A. Persistence of posttraumatic
 stress symptoms 12 and 36 months after acute coronary syndrome. Psychosom Med
 2008;70:764-72. 
 17 
[16] Babyak MA. What You See May Not Be What You Get: A brief, nontechnical
 introduction to overfitting in regression-type models. Psychosom Med 2004;66:411-
 21. 
[17] Hepp U, Gamma A, Milos G,  Eich D, Ajdacic-Gross V, Rössler W, Angst J, Schnyder
 U. Prevalence of exposure to potentially traumatic events and PTSD. The Zurich Cohort
 Study. Eur Arch Psychiatry Clin Neurosci 2006;256:151-8.  
[18] Shemesh E, Koren-Michowitz M, Yehuda R, Milo-Cotter O, Murdock E, Vered Z,
 Shneider BL, Gorman JM, Cotter G. Symptoms of posttraumatic stress disorder in
 patients who have had a myocardial infarction. Psychosomatics 2006;47:231-9. 
[19] Bisson J, Andrew M. Psychological treatment of post-traumatic stress disorder (PTSD).
 Cochrane Database Syst Rev 2007;3:CD003388. 
[20] Shemesh E, Annunziato RA, Weatherley BD, Cotter G, Feaganes JR, Santra M, Yehuda
 R, Rubinstein D. A randomized controlled trial of the safety and promise of cognitive
 behavioral therapy using imaginal exposure in patients with posttraumatic stress disorder
 resulting from cardiovascular illness. J Clin Psychiatry (in press). 
[21] Stein DJ, Ipser J, McAnda N. Pharmacotherapy of posttraumatic stress disorder: a
 review of meta-analyses and treatment guidelines. CNS Spectr 2009;14(1 Suppl 1):25-
 31. 
[22] Glassman AH, O'Connor CM, Califf RM, Swedberg K, Schwartz P, Bigger JT Jr,
 Krishnan KR, van Zyl LT, Swenson JR, Finkel MS, Landau C, Shapiro PA, Pepine CJ,
 Mardekian J, Harrison WM, Barton D, Mclvor M. Sertraline Antidepressant Heart
 Attack Randomized Trial (SADHART) Group. Sertraline treatment of major
 depression in patients with acute MI or unstable angina. JAMA 2002;288:701-9. 
 18 
[23] McEwen BS. The neurobiology and neuroendocrinology of stress. Implications for post
 traumatic stress disorder from a basic science perspective. Psychiatr Clin North Am
 2002;25:469-94. 
[24] Rohleder N, Karl A. Role of endocrine and inflammatory alterations in comorbid
 somatic diseases of post-traumatic stress disorder. Minerva Endocrinol 2006;31:273-
 88. 
[25] Meewisse ML, Reitsma JB, de Vries GJ, Gersons BP, Olff M. Cortisol and post
 traumatic stress disorder in adults: systematic review and meta-analysis. Br J Psychiatry
 2007;191:387-92. 
[26] Strawn JR, Geracioti TD Jr. Noradrenergic dysfunction and the psychopharmacology of
 posttraumatic stress disorder. Depress Anxiety 2008;25:260-71. 
[27] von Känel R, Schmid JP, Abbas CC, Gander ML, Saner H, Begré S. Stress hormones in
 patients with posttraumatic stress disorder caused by myocardial infarction and role of
 comorbid depression. J Affect Disord 2010;121:73-9. 
[28] von Känel R, Begré S, Abbas CC, Saner H, Gander ML, Schmid JP. Inflammatory
 biomarkers in patients with posttraumatic stress disorder caused by myocardial infarction
 and the role of depressive symptoms. Neuroimmunomodulation 2009;17:39-46. 
[29] Baker DG, Ekhator NN, Kasckow JW, Hill KK, Zoumakis E, Dashevsky BA, Chrousos
 GP, Geracioti TD Jr. Plasma and cerebrospinal fluid interleukin-6 concentrations in
 posttraumatic stress disorder. Neuroimmunomodulation 2001;9:209-17. 
[30] Sack M, Hopper JW, Lamprecht F. Low respiratory sinus arrhythmia and prolonged
 psychophysiological arousal in posttraumatic stress disorder: heart rate dynamics and
 individual differences in arousal regulation. Biol Psychiatry 2004;55:284-90. 
[31] Tracey KJ. The inflammatory reflex. Nature. 2002;420:853-9. 
 19 
[32] Thayer JF. Vagal tone and the inflammatory reflex. Cleve Clin J Med 2009;76(Suppl
 2):S23-6. 
[33] Shemesh E, Rudnick A, Kaluski E, Milovanov O, Salah A, Alon D, Dinur I, Blatt A,
 Metzkor M, Golik A, Verd Z, Cotter G. A prospective study of posttraumatic stress
 symptoms and nonadherence in survivors of a myocardial infarction (MI). Gen Hosp
 Psychiatry 2001;23:215-22. 
[34] Wienbergen H, Gitt AK, Juenger C, Schiele R, Heer T, Towae F, Gohlke H, Senges J;
 MITRA PLUS study group. Impact of the body mass index on occurrence and
 outcome of acute ST-elevation myocardial infarction. Clin Res Cardiol 2008;97:83-8. 
[35] Barth J, Schneider S, von Känel R. Lack of social support in the etiology and the
 prognosis of coronary heart disease: a systematic review and meta-analysis. Psychosom
 Med 2010;72:229-38. 
[36] Barth J, Schumacher M, Herrmann-Lingen C. Depression as a risk factor for mortality in
 patients with coronary heart disease: a meta-analysis. Psychosom Med 2004;66:802-13. 
[37] Spindler H, Pedersen SS. Posttraumatic stress disorder in the wake of heart disease:
 prevalence, risk factors, and future research directions. Psychosom Med 2005;67:715-23. 
[38] O’Donnell ML, Creamer M, Pattison P. Posttraumatic stress disorder and depression
 following trauma: understanding comorbidity. Am J Psychiatry 2004;161:1390-6. 
 
 
 
 
 
 
 
 20 
Table 1. The 17-Item Posttraumatic Diagnostic Scale Asking About Index MI as the 
Traumatic Event  
PTSD symptom cluster B: Re-experiencing MI as a traumatic event 
1. Intrusive images about MI 
2. Nightmares about MI 
3. Reliving of MI 
4. Emotionally upset when reminded of MI 
5. Physical reactions when reminded of MI 
PTSD symptom cluster C: Avoidance of MI as a traumatic event and psychic numbing 
6. Trying not to think, talk, or have feelings about MI 
7. Trying to avoid activities, places, or people that remind of MI 
8. Memory loss for important aspects of MI 
9. Loss of interest in previously enjoyed activities 
10. Feeling distant or cut off from other people 
11. Feeling emotionally numb 
12. Sense of a foreshortened future 
PTSD symptom cluster D: Hyperarousal 
13. Sleeping difficulties 
14. Irritability or outbursts of anger 
15. Difficulty concentrating or completing tasks 
16. Hypervigilance 
17. Exaggerated startle response 
  
MI, myocardial infarction; PTSD, posttraumatic stress disorder 
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Table 2. Characteristics of 297 Patients per PTSD Symptom Level  
Variable High PDS 
score (n=45) 
Low PDS 
score (n=252) 
P-value 
Total PTSD symptoms (score) 25.9 ±7.4 5.8 ± 4.9 <0.001 
Re-experiencing symptoms (score) 8.3 ± 3.5 1.7 ± 1.9 <0.001 
Avoidance symptoms (score) 10.3 ± 3.5 2.0 ± 2.1 <0.001 
Hyperarousal symptoms (score) 7.3 ± 3.4 2.0 ± 2.1 <0.001 
Fear of dying during MI (score) 6.1 ± 3.1 2.3 ± 2.8 <0.001 
Feelings of helplessness during MI (score) 6.8 ± 2.5 2.3 ± 2.8 <0.001 
Women (%) 28.9 15.1 0.031 
Age (years) 55.7 ± 7.6 61.7 ± 10.7 <0.001 
Time since index MI PDS was sent (days) 83.9 ± 59.4 74.2 ± 59.1 0.331 
Recurrent MI (%) 8.9 9.1 1.000 
1-, 2-, 3-vessel disease (%) 64, 27, 9 41, 32, 27 0.006 
Hypertension (%) 64.4 61.5 0.742 
Diabetes (%) 17.8 11.5 0.229 
Current smoker (%) 51.1 38.1 0.101 
Aspirin (%) 100 98.4 1.000 
Statin (%) 100 96.4 0.364 
Beta blocker (%) 97.8 91.3 0.222 
Angiotensin converting enzyme inhibitor (%) 60.0 70.6 0.155 
Chest pain since index MI (%) 4.4 3.2 0.652 
Antidepressant therapy since index MI (%) 26.7 8.3 0.001 
Psychotherapy since index MI (%) 17.8 6.7 0.035 
PDS, Posttraumatic Diagnostic Scale; PTSD, posttraumatic stress disorder; MI, myocardial 
infarction 
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Table 3. Multivariate Relative Risk for Future Adverse Cardiovascular Events for a 10 
Point Higher Level in the Posttraumatic Diagnostic Scale Score (Hazard Ratio, 95% CI) 
Control Variables 1) CVD-related readmissions 
(n=297, 43 events) 
CVD-related readmissions 
without elective stents          
(n=286, 32 events) 
CHD severity 1.50 (1.13-1.98) 1.56 (1.15-2.12) 
CVD risk factors 1.51 (1.12-2.03) 1.57 (1.13-2.18) 
Cardiac medication 1.45 (1.09-1.93) 1.48 (1.09-2.02) 
Unexplained chest pain 1.45 (1.10-1.92) 1.51 (1.11-2.04) 
Mental health treatment 1.46 (1.10-1.95) 1.54 (1.13-2.09) 
Final model 
Female sex 
Age 
Hypertension 
Posttraumatic stress 
 
0.42 (0.15-1.18) 
1.01 (0.98-1.04) 
2.34 (1.12-4.90) 
1.42 (1.07-1.88) 
 
0.28 (0.07-1.16) 
1.00 (0.96-1.04) 
3.47 (1.33-9.06) 
1.45 (1.07-1.97) 
 
1) All models controlled a priori for sex and age. Additional predictors (p<0.10) to be 
included in the final model were tested in five separate blocks. Coronary heart disease 
(CHD) severity: number of diseased coronary vessels, recurrent myocardial infarction. 
Cardiovascular disease (CVD) risk factors: hypertension, diabetes, current smoking. Cardiac 
medication: statin, aspirin, beta blocker, angiotensin-converting enzyme inhibitor. 
Unexplained chest pain: had occurred since index MI and prompted physician visit. Mental 
health treatment: antidepressant medication, psychotherapy. Final model: all four variables 
were entered in one block (female sex and positive history of hypertension both coded as “1”) 
 
 
 23 
Legend to Figure 1 
Survival function for quartiles (Q) of posttraumatic stress symptom severity rated by 
the Posttraumatic Diagnostic Scale (PDS). PDS scores were 0.7±0.8 for Q1 (n=68, 9 events), 
3.9±0.8 for Q2 (n=56, 7 events), 8.6±2.3 for Q3 (n=72, 12 events), and 21.8±7.8 for Q4 
(n=58, 15 events). Adjustment was made for sex, age, and hypertension.   
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